In industry, there is a growing interest to optimize the use of raw material in blow molded products. Commonly, the material in blow molded containers is optimized by dividing the container into different sections and minimizing the wall thickness of each section. The definition of discrete sections is limited by the shape of the container and can lead to suboptimal solutions. This study suggests determining the optimal thickness distribution for blow molded containers as a function of geometry. The proposed methodology relies on the use of neural networks and finite element analysis. Neural networks are stochastically evolved considering multiple objectives related to the optimization of material usage, such as cost and quality. Numerical simulations based on finite element analysis are used to evaluate the performance of the container with a thickness profile determined by feeding the coordinates of mesh elements in finite element model into the neural network. The proposed methodology was applied to the design of industrial bottle. The obtained results suggested the validity and usefulness of this methodology by revealing its ability to identify the most critical regions for the application of material. 
Introduction

16
Blow molding is an important industrial processes for manufacturing hollow plas-17 tic parts. The production of jars, bottles and similar containers are among its main 18 applications. Such products are widely used all over the world to contain liquids from
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drinks for human consumption to cosmetics and oil. In blow molding, a molten mate-
20
rial is placed into a mold and inflated with gas whose pressure pushes the material out 21 to match the mold. The costs of raw materials compose a significant share of the total use. This requires a trade-off between the costs of production and quality criteria, as 25 reducing the amount of material can deteriorate important product properties.
26
The conventional trial-and-error approach is tedious and inefficient to optimize 27 product development. It can lead to a significant waste of time and energy whereas 28 the results are highly dependent on expert experience. 
69
The specific contributions of this paper are the application of a regression model 70 to find the optimal thickness distribution as a function of the container's geometry 71 and solving the problem using multiobjective neuroevolutionary algorithm.
72
Problem Formulation
73
This study aims at developing a methodology for the optimization of material usage 74 in blow molded containers, which is also a major concern for industry due to the shows the geometry model of the bottle used in this study.
82
The problem consists in determining the optimal wall thickness distribution. This The population of neural networks is evolved for a predefined number of gener- 
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The result of the above described process is expected to be a set of neural networks,
145
where each neural network gives the design of the container providing a specific 146 trade-off between its mass and mechanical properties. 
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by the results of all runs. This can be because CMA has a larger number of parameters 177 that require proper settings.
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Since the hypervolume values presented in Table 2 
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Conclusions
216
In blow molding industry, the product competitiveness can be effectively increased 217 by reducing the costs of raw materials. This study suggested a methodology to opti-218 mize the material usage in blow molded products. This methodology aims at deter-219 mining the optimal distribution of material as a function of the product geometry. In future, the developed methodology will be applied to optimize the preform and 
